~." Monoclonal and polyclonal antisera were used against 12 cases of neuroepithelial (colloid) cysts to determine the specific antigenic profile of the cyst epithelium. Intermediate filament markers (cytokeratin, vimentin, neurofilament, and glial fibrillary acidic protein) and epithelial markers (epithelial membrane antigen and monoclonal antibody lu-5) demonstrated that colloid cyst epithelium has a unique antigenic profile in contrast to that of choroid plexus or glial tissue. Theories raised to explain the etiology of colloid cysts have included derivation from the embryonic paraphysis, detachments of developing neuroepithelium from the tela choroidea, and remnants of respiratory epithelium; a more recent theory suggests that these cysts are products of developing choroid plexus or ependyma. The present study shows that colloid cyst epithelium is distinct from that of choroid plexus or ependyma and therefore does not represent a product of their formation, nor does it represent a form of immature glia. This finding supports the conclusion that colloid cysts in any ventricular location represent a developmental anomaly of primitive neuroectoderm in the embryo, which remains unique from other products of neuroectodermal derivation.
C
ONTINUING debate surrounds the ontogenesis of intracranial colloid cysts. The original name given these structures at the end of the 19th century was based on a description of their contents, colloid meaning "resembling glue." Bailey 3 demonstrated the existence of the paraphysis in humans, an embryonal neuroectodermal structure previously described in lower vertebrates. Its constant presence in the roof of the anterior third ventricle in the developing embryo was correlated with the seemingly constant finding of colloid cysts in this same area. For 50 years the term "paraphysial cyst" was in common usage. The demonstration of colloid cysts, albeit rarely, in locations other than the anterior third ventricle raised questions as to their derivation from the paraphysis. Cysts were described in the posterior third ventricle, septum pellucidum, and fourth ventricle. 7' 29"34 As a result, explanations suggesting their derivation from choroid plexus or ependyma were proposed. Specifically, theories were offered to explain these cysts as products of invagination or evagination of the neuroepithelial surface as it underwent folding in the embryo to form the tela choroidea.
Analysis of surgical and autopsy specimens of these cysts has been mainly performed with routine histochemical staining procedures. Clinical studies have been reported elsewhere. 1~2~ The cyst wall epithelium has been examined for cellular organization, presence of cilia or basal bodies, presence of secretory granules, and production of mucin. These findings were then correlated to an analysis of neighboring structures such as ependyma and choroid plexus epithelium to identify similarities and differences. Explanations for colloid cyst derivation were then proposed mainly on a grossly descriptive basis. With the development of specific immunohistochemical techniques using monoclonal and polyclonal antibodies to specific cellular antigens, it is possible to examine a cell-specific antigenic profile. Antibodies against different types of intermediate filaments (namely, glial fibrillary acidic protein (GFAP), neurofilament, vimentin, desmin, and keratin) have been utilized as a powerful tool for cellular differentiation in neuropathology. Other antisera such as epithelial membrane antigen and pan-epithelial marker have been developed to distinguish between subtypes of epithelial tissue. The keratin group of intermediate filaments is also utilized in this respect. Other methods of demon-strating neuroectodermal derivation have utilized antisera against myelin glycoproteins (HPK-1 monoclonal antibody) and glycolytic enzymes (neuron-specific enolase).
These methods of immunoperoxidase histochemistry have been utilized in correlation with routine histochemical studies to analyze the antigenic profile of colloid cyst epithelium in contrast to that of choroid plexus and ependyma. This analysis has revealed that the colloid cyst has a unique epithelium which is antigenically distinct from that of neighboring choroid plexus or glial tissue. This finding suggests that the colloid cyst represents a product of early embryonal neuroectoderm which develops separately and independently from its normal contiguous structures.
Materials and Methods
Histological specimens from 16 colloid cysts obtained over a I 0-year period from four hospitals were studied. All were obtained from the roof of the anterior third ventricle of adults. Hematoxylin and eosin (H & E) preparations were made from formalin-fixed paraffin blocks. These revealed a characteristic cyst wall architecture suitable for further study in 12 cases. One other case had suitable choroid plexus tissue available for examination. Specimens from the remaining three cases exhibited crush artifact and were discarded. The 12 examples of cyst wall were then submitted to a battery of histochemical and immunoperoxidase staining. Paraffin-embedded tissue was then serially cut and mounted onto 20 unstained slides. Slides 1, 10, and 20 (numbered according to depth) were stained with H & E and studied for the presence of examinable cyst wall. In all 13 cases, good tissue was preserved throughout the depth of sectioning (4 um per section).
Histochemical stains comprised H & E, periodic acidSchiff (PAS), Alcian blue, trichrome (Gomori), Bodian silver method, and Bielschowsky silver nitrate preparation. Immunohistochemistry was performed using the avidin-biotin-peroxidase complex technique utilizing formalin-fixed paraffin-embedded tissue. After deparaffinization, the sections were subjected to endogenous peroxidase inhibition with 0.3 % hydrogen peroxide and methanol for 30 minutes. Four stains (GFAP, cytokeratin, vimentin, and pan-epithelial marker) were subjected to proteolytic treatment with 0.05 gm protease and 100 ml of phosphate-buffered saline (PBS) for 45 minutes at 37"C. The sections were incubated with 10% normal goat serum in PBS for 20 minutes and then overnight (16 to 18 hours) at 4~ with a specific monoclonal or polyclonal antiserum. 
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43, and 50 kD, respectively). Polyclonal antisera included GFAP (dilution 1:400); S-100 protein (dilution 1:1000); neuron-specific enolase (dilution 1:500); and Mallory keratin (dilution 1:400).* Incubated tissue sections were washed three times in PBS. They were then incubated with biotinylated horse anti-mouse immunoglobulin (1:200) for monoclonal stains and biotinylated goat anti-rabbit immunoglobulin (1:200) for polyclonal sera. These were washed three times in PBS after incubation for 45 minutes, and then were reacted with 3,3'-diaminobenzidine and hydrogen peroxidase in 0.05 M Tris-HCl buffer (pH 7.4) for 5 minutes. The sections were counterstained lightly with hematoxylin. In negative control sections, the primary antibody was replaced with nonspecific mouse ascites for monoclonal stains and normal rabbit serum for polyclonal stains.
Two human fetal brains (aged 13 and 24 weeks of gestation) were studied. The head was stored in 10% formalin for 1 week. After removal of the scalp and skull, paramedian incisions were made 5 mm on either side of the longitudinal fissure, and the midline brain specimen was placed in a paraffin block. Serial sections (4 ~m) were then cut through the block until the third ventricle and diencephalic roof were visualized (stained with H & E). Immunohistochemical stains were then utilized as detailed above.
Statistical analysis included comparison of reagent positivity in the colloid cyst and choroid plexus samples using the chi-square test. The accepted level of significance was p --0.05.
Results
The preparations were studied for reaction of the epithelium and stroma of the cyst wall. In four cases, choroid plexus was present adjacent to the cyst specimen, which provided plexus epithelium controls in each case. In one case, ependyma was seen adjacent to the cyst wall.
The histochemical and immunohistochemical data for the 12 colloid cysts studied are summarized in Table  1 . A positive reaction included a range from focal cell positivity to diffuse uptake of all cells. It was decided not to use a grading system of positivity. Cellular staining patterns included diffuse or granular cytoplasmic staining and linear luminal membrane staining. In the immunohistochemical preparations a background brown stain from the horse anti-mouse or goat antirabbit immunoglobulins was sometimes seen within the cell cytoplasm. This stain was less intense than the darker brown reaction of the chosen antibody. Negative control sections, replacing the antibody with a negative stain, were used in these cases to separate an artifact from a true positive reaction. One could then define * Antisera courtesy of Dr. S. Huang, Sunnybrook Medical Centre, University of Toronto, Toronto, Ontario, Canada.
Imrnunohistochemist~ of colloid cysts whether the brown reaction was due to the chosen antibody or the incubating immunoglobulin.
Analysis of the third ventricular region from the fetal brain specimens failed to show immunoreaction to the majority of agents used. Focal positivity to the monoclonal antibody HNK-1 and to neuron-specific enolase was observed in occasional areas of cortex. It is probable that the antigenic markers from these dead cells had been lost prior to the removal of the fetus and fixation.
Discussion
According to Bailey, ~ the paraphysis is a fold of neuroectoderm found in the human embryo, which is at its largest when the embryo is 19 m m in length and visibly smallest at 32 m m (Fig. 1) . As a midline structure, the lateral ventricle choroid plexuses are seen to arise from its sides. Arirns Kappers 2 found the paraphysis in all of 30 embryos measuring from 17 to 100 m m in length (crown to rump); it then degenerated at 100 m m length, which corresponded to 14 weeks' gestation. The structure was described as a "racemose tubular gland secreting a substance of unknown composition into the telencephalic part of the third ventricle. ''2 Krabbe Is considered the paraphysis to be a rudimentary sense organ in lower vertebrates, and argued that it was unrelated to choroid plexus epithelium because it more closely resembled unistratified ependyma.
Bull and Sutton 5 stated that the paraphysis w a s " . . . arising just behind the foramen of Munro as an evagination in the mid-line from the roof of the third ventricle," and that "a persistence of this vestigial structure gives rise to colloid cysts." McLean 24 believed that the weight of an enlarging paraphysial cyst would carry it downward through the velum to hang pendulous within the third ventricle. Greenwood, TM comparing the most popular names for this structure ("colloid cyst," "neuroepithelial cyst," and "paraphysial cyst") considered that "paraphysial cyst" was the most desirable term from a locational standpoint due to the constant location of the cyst at the anterior third ventricle.
When reports of colloid cysts in locations other than the anterior third ventricle began to arise, a paraphysial derivation was questioned. 72~34 Parkinson and Childe 2' favored development from embryonal ectodermal epithelium in discussing a colloid cyst from the fourth ventricle, but wondered if the cyst might have dropped from the paraphysis of the third ventricle. Others thought that the cysts developed from recesses of diencephalic ependyma which had detached from the choroidal fold. 2 Shuangshoti, et al., 34~" presented their theory that the paraphysis was an extraventricular choroid plexus and proposed that neuroepithelial cysts can occur anywhere along the neuroepithelial-lined nervous system. They concluded that the cyst arose from either the choroid plexus, ependyma, or paraphysis --all products of neuroepithelium. ~ They also raised the possibility that heterotopic neuroglia might transform from ependyma or choroid plexus into a neuroepithelial cyst. 34 Ciric and Zivin 7 supported cyst formation from invagination or evagination of neuroepithelium from the diencephalic roof, thereby explaining lesions within the third ventricle or above the diencephalic roof between the fornices. In all of the above studies, proposed ontogenetic mechanisms for the development of colloid cysts have been based on the findings of comparative anatomy and light microscopy with routine histochemistry. Coxe and Luse '1 examined one cyst using the electron microscope and demonstrated normal and abnormal cilia. They considered the cyst lining to be ependymal.
Intracerebral epithelial cysts have been studied with light and electron microscopy. MacGregor, et al., 22 reported two cases in which the epithelial morphology appeared ependymal in type, but they also noted similarities to choroid plexus. Ghatak, et al., 13 studied an intracerebral extraventricular cyst ultrastructurally and noted similarities to both normal choroid plexus and ependyma. Their conclusions were based on morphological observations of cytoplasmic vacuoles, basement membrane, and junctional complexes and the absence of cilia. Others have reported extraventricular ciliated columnar-lined cysts, calling them "ependymal cysts," whose pathogenesis is suggested to be a primary ependymal ectopia or the result of heterotopic neuroglia. ~9. _~8 These cases attest to the fact that cystic structures may form from neuroepithelium in many brain locations. The ependymal cysts noted above were filled with fluid similar to cerebrospinal fluid. 28 In contrast, the viscous material within a colloid cyst is clearly unique, despite an epithelial cell lining which may look under the light microscope quite similar to the lining of an ependymal cyst.
A comparison has been made between the Rathke's cleft cyst, with its ciliated columnar cell lining and variable mucin content, and colloid cysts. This has led to speculation that the colloid cyst might be derived from respiratory epithelium. 19 We are unaware of any detailed immunohistochemical studies pertaining to Rathke's cleft cysts. However, the ciliated pseudostratified columnar epithelium of the respiratory tract and the ciliated simple columnar epithelium sometimes found in the paranasal sinuses may histologically resemble that of the colloid cyst. The stratified columnar epithelium of the pharynx is unlike the cyst lining. It must be emphasized, however, that respiratory epithelium would be unlikely to create lesions other than in the suprasellar area or region of the anterior third ventricle, where malformations in hypophyseal development would occur. As a result, we feel confident that colloid cysts in any location throughout the ventricular system are not a product of misplaced respiratory epithelium but are of neuroectodermal derivation. Loizou, et al., 21 in their analysis of 21 colloid cysts, found what they described as "respiratory-type epithelium" in one cyst and "foregut-type epithelium" in another two. From these findings, they suggested that the cysts were derived from a primitive pluripotential cell. We believe that such a claim is unsubstantiated on the basis of descriptive features alone. They also found ciliated epithelial cells in two cysts.
Our analysis with routine histochemical procedures demonstrated the presence of cilia in all cases. In this study, mucin-secreting cells were found in eight of the 12 cases but none could be demonstrated in choroid plexus epithelium (Fig. 2) . Although not statistically significant (X 2 = 3, p = 0.084), these findings have been reported by others. 27 However, Shuangshoti and Netsky 34 reported identifying mucin in both the choroid plexus and ependyma, and considered that this association could explain the finding of mucin-secreting cells in neuroepithelial cysts. Trichrome staining showed the presence of a collagenous cyst wall in all cases, and PAS positivity was found in 1 1 of the 12 specimens of cyst epithelium but not within choroid plexus. This difference was significant at the p < 0.01 level. These reactions to PAS and Alcian blue (mucin) staining in our study showed a marked difference in secretory activity between the epithelia of colloid cyst and choroid plexus. Choroid plexus epithelium has been associated with many forms of mesenchymal metaplasia, including bone formation inside papillomas. 6 However, despite demonstrating these functional differences, routine histochemistry cannot show that these cell lines are antigenically distinct.
Immunohistochemistry has allowed differentiation between tissues using monoclonal and polyclonal antibodies as markers to intracellular antigens. 4' 8~~176 32.36-38 Our purpose was to define the antigenic profile of colloid cyst epithelium with the aid of these methods and contrast this with the known profiles of choroid plexus epithelium, ependyma, and glial tissue.
Choroid plexus has been found to react with the cytokeratin monoclonal antibody. 617"25 Normal choroid plexus epithelium has been found not to react with GFAP, 4"j6' 25 in contrast to choroid plexus papillomas, which may or may not show areas of positivity. 4 monoclonal antibodies vimentin and neurofilament, as well as Bodian's silver stain, has been demonstrated in normal plexus epithelium. ~' Another group, however, could not demonstrate the presence of neurofilament55 We were able to document vimentin positivity in all of four specimens of plexus epithelium adjacent to a colloid cyst and in one specimen using neurofilament. However, in no case did we demonstrate reaction to vimentin, neurofilament, or Bodian preparation within the colloid cyst epithelium itself. The difference in reaction to vimentin between ehoroid plexus and cyst epithelium was significant at the p < 0.001 level. It is interesting to note that, whereas colloid cyst epithelial cells were uniformly negative for vimentin, the cyst stromal wall was uniformly positive. Similar stromal positivity has been observed by others. 2~ Vimentin, which displays reactivity for normal and neoplastic tissue of mesenchymal origin, has also been shown to react positively with immature glial cells. 33 It has been shown to decrease in presence as GFAP progressively appears, and this event is correlated with myelination. ~ Correspondingly, no reaction to GFAP was demonstrated in cyst epithelium. As a result, colloid cyst epithelium likely does not represent a form of mature or immature glial tissue.
The monoclonal antibody HNK-I, commercially available as anti-Leu-7, has been used as a marker for tissue of neuroectodermal origin, possibly acting via recognition of a myelin-associated glycoprotein. 3~ No reaction to this antibody was observed in any colloid cyst, yet two of the four choroid plexus specimens demonstrated positivity. This difference is not significant (p = 0.080). Reaction has been demonstrated previously in the majority of oligodendrogliomas, astrocytomas, and astroblastomas and in some ependymomas. Perentes and Rubinstein 3~ stated that during embryogenesis, multipotential neuroepithelial cells may express an epitope recognized by anti-Leu-7. However, they noted in tumors a tendency for the less differentiated neuroepithelial cell types to be immunonegative to this antibody. This finding may support the idea that colloid cyst epithelium is a primitive undifferentiated product of neuroectoderm in contrast to the well-differentiated choroid plexus.
The polyclonal antibody to S-100 protein is of limited usefulness because of its broad spectrum of reactivity. Although in the brain it is synthesized in glial cells, it has been shown to be present in a wide variety of non-neural tissues. 3~ It was present in the colloid cysts and in all of the choroid plexus epithelia. Its effectiveness as a discriminatory antibody in this instance is weak.
Neuron-specific enolase is used as a marker of neurons and neuroendocrine cells but, like S-100, it has been shown to react with various cell systems of nonneural origin. '5 Nondiagnostic reaction was demonstrated with this polyclonal antibody. The epithelium of four of the 1 2 colloid cysts and all of the choroid plexus specimens demonstrated reaction.
Leukocyte common antigen, present on the surface of the majority of human leukocytes, stains lymphomas and leukemias positively, but fails to react with carcinoma cells. As expected, cyst and plexus epithelium stained negatively to this monoclonal antibody.
Reaction to the cytokeratin monoclonal antibodies and to the epithelial monoclonal antibodies epithelial membrane antigen and lu-5 (pan-epithelial marker) has allowed the differentiation of similar-appearing epithelial tissues. Antibodies to different cytokeratin filament proteins, ranging in MW from 40 to 68 kD, have allowed the development of cytokeratin catalogues to differentiate tissues. 1o,2,, 3, The cytokeratins used in this study (8, 18, and 19) show reaction to a wide range of epithelium and are less tissue-specific. The polyclonal Mallory keratin is similarly broad in its reactivity. As a result, reaction to both choroid cyst epithelium and choroid plexus epithelium was observed (Fig. 3) . In each case, 11 of 12 cysts stained positively; however only two of four choroid plexus tissues reacted to cytokeratin or Mallory keratin, but these differences were not statistically significant. Despite this, a much more intense reaction to the colloid cyst wall than to choroid plexus was noted. Keratin reaction to three colloid cysts was observed in another series. 25 Cytokeratin has been shown to react with most choroid plexus papillomas, 9'23"25 but to only three of 23 ependymomas in one series, 2~ and to none in another series55 These positively reacting ependymoma cells were explained by suggesting the existence of a transitional cell type with features of both ependyma and choroid plexus. 2~
The anti-epithelial membrane antigen antibody recognizes a glycoprotein of human milk fat globule membranes. 32 This is known to be an excellent epithelial marker and is often used to differentiate between poorly differentiated carcinomas and malignant lymphomas. Meningiomas have also been noted to display epithelial membrane antigen positivity? ~ Mature tissue of neuroectodermal origin including normal nervous system parenchyma and associated neoplasms has been reported to be epithelial membrane antigen-negative. 32~36' 37 Perentes and Rubinstein, 3~ however, noted some reaction to this antigen in normal choroid plexus epithelium and in the luminal surface of ependyma. Epithelial membrane antigen positivity was observed in all choroid cysts studied, with no reaction in adjacent choroid plexus epithelium. This finding was significant at the p < 0.001 level and supports the concept of a different antigenic profile between these two epithelia (Fig. 4) .
The monoclonal antibody lu-5 (pan-epithelial marker) is a pan-cytokeratin antibody which demonstrates reaction to a diverse variety of epithelial tissues but not to mesenchymal tissues. 39 Despite its demonstration in many epithelial tissues, all choroid plexus epithelium specimens in this study stained negatively, while all 12 choroid cysts reacted positively (p < 0.001) (Fig. 5) . This correlates well with the findings related to epithelial membrane antigen in demonstrating the unique immunohistochemical profile of the cyst epithelium.
If one can obtain human fetal brain tissue (at 10 to 18 weeks' gestation) soon after death and obtain adequate fixation, an immunohistochemical survey of the third ventricular region is warranted. We speculate that this early neuroepithelium may express a similar staining profile to that expressed by the choroid cysts in this study. However, the inherent difficulties in obtaining tissue free from autolysis are noted. The inability in this study to demonstrate fetal brain positivity to vimentin (an antibody known to be present in such tissue 33) supports the conclusion that our samples were non-immunoreactive. It suggests that the primitive neuroectodermal element responsible for cyst development has escaped our present methods of detection within the fetal brain.
The results of this study demonstrate the following findings: 1) that choroid cyst epithelium is distinct from choroid plexus epithelium in its antigenic profile; 2) that colloid cyst epithelium is unique in its secretory activity; and 3) that choroid cyst epithelium is a nonglial tissue and likely does not represent a form of immature glia. Thus, it is concluded that the colloid cyst is not a derivative of choroid plexus or ependyma. The cyst epithelium appears to be a distinct type of neuroepithelium, unlike that in any other location. Theories that propose an origin from detached vesicular recesses of primitive neuroepithelium from the developing choroidal fold are supported by the results of this study. This study suggests that colloid cysts have a primary derivation from primitive neuroectoderm involved in the formation of the tela choroidea.
